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AREA EFFICIENT HIGH PERFORMANCE
MEMORY CELL

TECHNICAL FIELD
The subject matter disclosed herein relates to a semicon-

ductor device and, more particularly, to an area efficient high
performance read only memory (ROM) cell.

BACKGROUND

Read only memory (ROM) devices allow retrieval of pre-
viously stored data but do not allow changes to the stored
information. ROM devices are nonvolatile memories; 1.e.,
stored data 1s not lost even when power 1s turned off, and a
refresh function 1s not required. As memory storage require-
ments continue to increase for today’s computing platiforms,
greater emphasis may be placed on ROM performance as well
as the amount of integrated circuit die area utilized by ROM
cell arrays. Larger ROM arrays may result in increased die
s1ze, thereby increasing costs.

BRIEF DESCRIPTION OF THE DRAWINGS

Subject matter 1s particularly pointed out and distinctly
claimed in the concluding portion of the specification.
Claimed subject matter, however, both as to organization and
method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to
the following detailed description 1f read with the accompa-
nying drawings 1n which:

FIG. 1 1s a block diagram of a conventional ROM device;

FIG. 2 1s a block diagram of a conventional high density
ROM cell using diffusion option;

FIG. 3 1s a block diagram of an array of the ROM cells
depicted 1n FIG. 2;

FIG. 4 1s a block diagram of a differential ROM cell using,
diffusion option;

FIG. 5 1s a block diagram of an array of the differential
ROM cells depicted 1n FIG. 4;

FIG. 6 1s a block diagram of an example embodiment of an
area efficient high performance ROM cell;

FI1G. 7 1s a block diagram of an example array of the area
eificient high performance ROM cells depicted 1n FIG. 6; and
FIG. 8 15 a flow diagram of an example embodiment of a

method for providing an area efficient high performance
ROM cell.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a thorough understanding of
claimed subject matter. However, 1t will be understood by
those skilled 1n the art that claimed subject matter may be
practiced without these specific details. In other instances,
well-known methods, procedures, components and/or cir-
cuits have not been described 1n detail.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment of
claimed subject matter. Thus, the appearances of the phrase
“in one embodiment” and/or “an embodiment” in various
places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures, and/or characteristics may be com-
bined 1n one or more embodiments.
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In the following description and/or claims, the terms
“coupled” and/or “connected” along with their derivatives,
may be used. In particular embodiments, “connected” may be
used to indicate that two or more elements are 1n direct physi-
cal and/or electrical contact with each other. “Coupled” may
mean that two or more elements are in direct physical and/or
clectrical contact. However, “coupled” may also mean that
two or more elements may not be in direct contact with each
other, but yet may still cooperate and/or interact with each
other.

As used herein, the term “and/or” may mean “and,” 1t may
mean “or,” 1t may mean “exclusive-or,” it may mean “one,” 1t
may mean “some, but not all,” 1t may mean “either,” and/or 1t
may mean “both,” although the scope of claimed subject
matter 1s not limited 1n this respect.

As used herein, the terms “complement™ and “bar” are
meant to denote signals that have a logical value opposite that
ol a corresponding signal. For example, 1f signal “A” has a
logical value o1 07, signal “A bar” would have a value o1 “1”.
As used herein, the terms “complement™ and “bar” are used
interchangeably. Also as used herein, the term “code 0 1s
meant to denote a logically low voltage level, and “code 17 1s
meant to denote a logically high voltage level.

Also as used herein, the term “via” 1s meant to denote any
clectrically conductive structure that 1s capable of coupling
together two or more layers 1n an mtegrated circuit device.
For example, a via may be used to couple one metallization
layer with another metallization layer 1n a semiconductor

device.
FIG. 11sablock diagram of a an example ROM device 100.

ROM device 100 comprises a ROM core 10, a decoder 20, a
control block 30, and an input/output (10) block 40. ROM
core 10 may comprises a plurality of memory cells arranged
1n one or more arrays. An array of memory cells comprises at
least one memory cell, one bit line BL, and one word line WL.
In a read operation, address, clock, and read enable (RE)
signals may be received by control block 30. Decoder 20
receives the clocked address signals and may generate the
word line WL for ROM core 10. Control block 30 may also
generate control signals for 10 block 40. Word line WL may
select one row of cells in ROM core 10 and 10 block 40 may
read the stored data through the bit line BL and complemen-
tary bit lines BLB (bit line bar). Read 10 block 40 may
comprise a sense amplifier to amplify the difference between
the BL. and BLB signals in order to generate a data signal.

Although the example embodiment ROM device 100 is
described herein as having a particular arrangement and con-
figuration of elements, any of a wide range of possible con-
figurations may be used with the memory cell array embodi-
ments described herein. The scope of the claimed subject
matter 1s therefore not limited 1n these respects.

Referring now to FIG. 2, a block diagram of a conventional
ROM cell 200 1s shown. ROM cell 200 may use a diffusion
option to save either code ‘0° or code ‘1” in ROM cell 200.
ROM cell 200 comprises a diffusion region 210, a bit line BL
260 arranged 1n a first direction, and a word line WL 240
arranged 1n a second direction perpendicular to the first direc-
tion. ROM cell 200 further comprises a first conduction ter-
minal 220 and a second conduction terminal 230, which may
be formed of a first metallization layer (M1) connected to the
diffusion region 210 by contacts 270. Bit line 260 may be
formed of a second metallization layer (M2). Bit line 260 may
be connected to a weak pull-up device. For a code 0’ 1n the
ROM cell 200, ROM cell 200 functions as a normal transistor.
The polysilicon of the word line WL 240 overlaps diffusion
region 210; one side (drain region) of diffusion region 210
connects to bit line 260 and the other side (source region) of
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diffusionregion 210 connects to GND. When word line 240 1s
activated, the transistor turns on and bit line 260 1s discharged.
A butfer, such as a skewed butifer, may be used 1n the 10 block
to read out the stored data. Foracode ‘1°, diffusionregion 210
between GND and word line 240 1s cut. ROM cell 200 1s
therefore no longer a transistor 1n this condition. Thus, when
word line 240 1s activated, the weak pull-up device keeps bit

line 260 high.

A 4x4 ROM array 300 of ROM cells 200 using the diffu-
s1on option depicted 1n FIG. 2 and discussed above 1s shown
in FIG. 3. ROM array 300 1s somewhat compact since the
ROM cells 200 can share both the GND and the bit line BL. In
the example shown, the stored data are:

0101

1010

0101

1010

Single ended diffusion option ROM cells, such as shown 1n
FIGS. 2 and 3 and as discussed above, may be widely used for
high density, low speed applications. Single ended ROM
arrays are typically not suitable for high speed operation due
to the relatively long period of time required to drive a bit line
from a logically high voltage level to a logically low voltage
level for those bits having a value of ‘0’. For high perfor-
mance applications, differential sensing instead of a simple
buifer may be used to read out the stored data. For differential
sensing, complementary bit lines, bit line BL and bit line bar
BLB, are required with a sense amplifier. As discussed pre-
viously, as used herein, the term “bar” i1s used to denote a
complement of a signal.

Referring now to FIG. 4, differential ROM cells using a
diffusion option to program individual cells are shown. For
programming a code ‘0’ or a code ‘1’ two single ended ROM
cells 401, 402 are used. For example, for code *0°, bit line BL
may be connected with ROM cell 401 with code ‘0” and bt
line bar BLB may be connected with ROM cell 402 with code
‘1’. Durning a read operation, bit line BL 1s discharged, and bit
line bar BLLB stays high due to the weak pull-up device. A
voltage differential between bit line BL and bit line bar BLB
then will be sensed and amplified. For programming a code
‘1’, two single ended ROM cells 403, 404 are used. For
example, for code ‘1’, bit line BL may be connected with
ROM cell 403 with code °1” and bit line bar BLB may be
connected with ROM cell 404 with code “0°.

A 4x4 ROM array 500 of the differential ROM cells
depicted 1n FIG. 4 using differential sensing 1s shown in FIG.
5. Although differential sensing provides for higher perfor-
mance, the ROM array 500 requires more integrated circuit
die area than the example array depicted 1 FIG. 3. In the
example shown 1n FIG. 5, the stored data are:

0101

1010

0101

1010

Thus, as can be seen from the examples described above 1n
connection with FIG. 2 through FIG. §, conventional ROM
arrays do not provide high performance while providing area
eificiency.

Referring now to FIG. 6, an example embodiment of an
area efficient high performance ROM cell 600 1n accordance
with claimed subject matter using a via option for program-
ming values 1s shown. ROM cell 600 may comprise a diffu-
sion region 610 formed on a substrate. The substrate may
comprise silicon, although the scope of the claimed subject
matter 1n not limited in this respect. ROM cell 600 may
comprise a transistor having a first conduction terminal 620
and a second conduction terminal 630. First and second con-
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duction terminals 620 and 630, respectively, of the transistor
may be formed of a first metallization layer (M1). A bit line
BL 660 and a bit line bar BLB 670 may be arranged 1in parallel
along a first direction of ROM cell 600. Bit line 660 and bit
line bar 670 may be formed of a second metallization layer
(M2). A word line WL 640 may be arranged along a second
direction of ROM cell 600 perpendicular to the first direction.
The word line WL 640 may be formed of polysilicon,
although the scope of the claimed subject matter 1s not limited
in this respect.

Further, first conduction terminal 620 may be formed over
a drain region formed 1n the substrate, and second conduction
terminal 630 may be formed over a source region formed in
the substrate. Second conduction terminal 630 for this
example may comprise a ground signal. Also, word line 640
may at least 1n part form a gate structure for the transistor of
ROM cell 600.

Although the example embodiments disclosed herein dis-
cuss the use of metal oxide semiconductor (MOS) transistors,
the scope of the claimed subject matter 1s not so limited.

In one example embodiment, the drain region of the tran-
s1stor in ROM cell 600 may be connected to either bit line 660
or bit line bar 670 to program/store either a code *0” or a code
‘1’ 1n the ROM cell. A via 650 may be used to connect the first
conduction terminal 620 of the transistor to either bit line 610
or bit line bar 620. For this example embodiment, both bit line
660 and bit line bar 670 may be connected to a logically high
voltage level by way of a pull-up device, such as a resistor
coupled to a source voltage. In one example embodiment, for
acode ‘0’°, via 650 may be disposed on bit line 660. That 1s, for
a code ‘0’°, bit line 660 may be connected to first conduction
terminal 620 (drain region) of the transistor and the second
conduction terminal 630 of the transistor may be connected to
GND. If the word line 640 1s activated during a read opera-
tion, bit line BL 660 1s discharged, and bit line bar 670 stays
high due to the pull-up device. A voltage differential between
bit line 660 and bit line bar 670 may be sensed and amplified
by a sensing amplifier and a full swing read out signal of the
programmed data will be available. In another example
embodiment, for a code ‘1’°, via 650 may be disposed on bit
line bar 670 to connect to the first conduction terminal 620
(drain region) of the transistor to bit line bar 670. If the word
line WL 640 1s activated during a read operation, the bit line
bar 670 1s discharged and bit line 660 stays high, resulting in
an output of the value ‘0’ from a sense amplifier.

For 1llustration purposes only, a 4x4 ROM array 700 using
the area eflicient high performance ROM cells 600 as
depicted 1n FIG. 6 and as discussed above 1s shown 1n FIG. 7.
For this example embodiment, a via option may be utilized 1n
order to program values into the ROM. As can be seen, each
cell 600 comprises a signal transistor, and each transistor 1s
capable of being coupled to either a bit line signal or a bit line
complement signal. Due at least in part to the advantage of
having a single transistor support a complementary pair of bit
lines, area efficiency may be obtained while providing the
high performance atforded by the use of complementary pairs
of bit lines. A comparison of the cell boundaries of the ROM
cells 600 1n FIG. 7 to the cell boundaries of the ROM cells 1n
FIG. 5 shows that, 1n the horizontal direction, the cell size of
ROM cell 600 using the via option to store data 1s significantly
smaller than the cell s1ze of ROM cell 400 using the diffusion
option to store data. Thus, 1t can be observed that the array of
FIG. 7 may vyield greater area efliciency as compared to
conventional ROM array implementations.

Referring now to FIG. 8, an example embodiment of a
method for programming an area efficient high performance

ROM cell, such as cell 600, 1s shown. In block 810, a bit line
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BL and bit line bar BLB may be arranged 1n parallel along a
first direction of the ROM cell. At block 820, for program-
ming a code ‘0’ or acode ‘1’ 1n the ROM cell, a transistor may
be connected to one of the bit line BL. and bit line bar BLLB, for
example as described above in connection with FIGS. 6 and 7.
Atblock 820, a code ‘0’ may be programmed in the ROM cell
by connecting a first conduction terminal of the transistor to
the bit line BL using a via. A second conduction terminal of
the transistor may be connected to GND. If a word line WL 1s
activated during a read operation, the bit line BL 1s dis-
charged, and the bit line bar BLB stays high. A sense amplifier
may be used to sense a voltage differential between the bit line
BL and bit line bar BLLB to read the stored data. At block 840,
a code ‘1’ may be programmed 1n the ROM cell by connectmg
the first terminal of the transistor to the bit line bar BLB using
the via. The second conduction terminal of the transistor may
be connected to GND. If a word line WL 1s activated during a
read operation, the bit line bar BLLB 1s discharged, and the bit
line BL stays high. An embodiment in accordance with
claimed subject matter may include all, more than all, or less
than all of blocks 810-840. Furthermore, the order of blocks
810-840 1s merely an example order, and the scope of the
claimed subject matter 1s not limited in this respect.

In the preceding description, various aspects of claimed
subject matter have been described. For purposed of expla-
nation, systems and configurations were set forth to provide a
thorough understanding of claimed subject matter. However,
it should be apparent to one skilled in the art having the benefit
of this disclosure that claimed subject matter may be prac-
ticed without the specific details. In other instances, well-
known features were omitted and/or simplified so as not to
obscure claimed subject matter. While certain features have
been illustrated and/or described herein, many modifications,
substitutions, changes and/or equivalents will now occur to
those skilled 1n the art. It 1s, theretfore, to be understood that
the appended claims are intended to cover all such modifica-
tions and/or changes as fall within the true spirit of claimed
subject matter.

What 1s claimed 1s:

1. A memory cell, comprising:

a transistor formed on a substrate, the transistor comprising,

a diffusion region situated between a drain region and a
sOurce region;

a bit line extending at least between the drain region and the

source region;

a bit line complement extending at least between the drain

region and the source region; and

a via connecting one of the bit line and bit line complement

to the drain region to store a value 1n the memory cell.

2. The memory cell of claim 1, further comprising a word
line crossing the diffusion region between the drain region
and the source region, wherein the word line 1s capable of
enabling the transistor if asserted.

3. The memory cell of claim 2, wherein the bit line and bit
line complement are coupled to the source region.

4. The memory cell of claim 3, wherein the source region 1s
coupled to a ground signal.

5. The memory cell of claim 4, wherein the word line
comprises a polysilicon layer.

6. The memory cell of claim 5, further comprising a con-
duction terminal coupled to the drain region.
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7. The memory cell of claim 6, wherein the conduction
terminal and the ground signal comprise a first metallization
layer.

8. The memory cell of claim 7, wherein the bit line and the
bit line complement comprise a second metallization layer.

9. The memory cell of claiam 1, wherein the transistor
comprises a metal oxide semiconductor (MOS) transistor.

10. A method comprising:

programming a memory cell by selectively connecting a

drain region of a transistor 1n the memory cell to one of
a bit line and a bit line complement, wherein the bit line
and the bit line complement are arranged in parallel
along a direction extending from the drain region to a
source region of the transistor.

11. The method of claim 10, wherein connecting the drain
region of the transistor to one of the bit line and bit line
complement further comprises connecting the bit line to the
drain region to program a code 0 1n the memory cell.

12. The method of claim 10, wherein connecting the drain
region of the transistor to one of the bit line and bit line
complement further comprises connecting the bit line
complement to the drain region to program a code 1 1n the
memory cell.

13. The method of claim 10, wherein connecting the drain
region to one of the bit line and the bit line complement
comprises connecting a via between the drain region and one
of the bit line and the bit line complement.

14. A memory array, comprising:

a plurality of rows and columns of memory cells, wherein

at least one column of memory cells comprises a bit line

and a bit line complement arranged in parallel along a

first direction, and wherein at least one cell in the at least

one column comprises

a transistor formed on a substrate, the transistor com-
prising a diffusion region situated between a drain
region and a source region, wherein the first direction
extends across the source and drain regions of the
memory cells; and

a via connecting one of the bit line and bit line comple-
ment to the drain region to store a value 1n the memory
cell.

15. The memory array of claim 14, wherein the source
region of each memory cell 1s coupled to one of a plurality of
ground signals, and wherein at least one of the plurality of
ground signals are shared by two rows of memory cells.

16. The memory array of claim 15, wherein at least one of
the plurality of rows of cells comprises a word line arranged
in a direction perpendicular to the first direction, extending
between the source and drain regions of the memory cells.

17. The memory array of claim 16, wherein the word lines
comprise a polysilicon layer.

18. The memory array of claim 17, wherein the ground
signal comprises a first metallization layer, further wherein
the bit line and bit line complement comprise a second met-
allization layer.

19. The memory array of claim 18, wherein the via 1s
connected between the drain region and the bit line to store a

code 0.
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